ABSTRACT
INTRODUCTION
Treatment of distal diametaphyseal tibia fracture with or without articular extension is challenging because of its unique anatomical characteristics of subcutaneous location with precarious blood supply and proximity to the ankle joint. Most of these fractures are managed with an operative intervention such as closed reduction and intramedullary interlocking (IMIL) nailing or open reduction and internal fixation (ORIF) with plating or closed reduction and per cutaneous plating or external fixators. Each of these techniques has their own merits and demerits. IMIL nailing has been reported with higher rate of malunion because it is difficult to achieve two distally locking screws. [1] [2] [3] Wound infection, skin breakdown and delayed union or non union requiring secondary procedures like bone grafting are some of the complications associated with conventional osteosynthesis with plates. [4] [5] [6] [7] Similarly, pin tract infection, pin loosening, malunion and nonunion leading to osteomyelitis is potential complication of external fixators and hence not preferred as definitive fixation method. [8] [9] [10] [11] Recently, techniques of closed reduction and minimally invasive plate osteosynthesis (MIPO) with locking compression plate (LCP) has emerged as an alternative treatment option for distal diametaphyseal tibia fracture. When applied subcutaneously, LCP does not endanger periosteal blood supply, respect fracture heamtoma and also provides biomechanicaly stable construct. 12, 13 Numbers of previous clinical studies have established MIPO with LCP as a biologically friendly and technically sound method of fixation for distal diametaphyseal tibia fracture but most of these studies except by Ronga et al. and Ahmad et al. have included both open and closed fractures. 1, 14 Since behavior of both of these fracture are different, comparison will be not fair. We therefore prospectively studied only closed distal diametaphyseal tibia fracture with or without articular extension managed with MIPO with LCP and compared with other studies.
METHODS
Twenty patients with closed distal diametaphyseal tibia fracture with or without intra articular extension treated in three different centers in between June 2007 to July 2010 were prospectively followed. Permission from institutional review committee from all three centers was obtained. Demographic variables, mode of injury, injury-hospital and injury-surgery interval, time required for union, complications and need of secondary procedures were recorded. Fracture was classified according to AO/OTA classification system. Patients with pathological fractures, ipsilateral multiple fractures were excluded. Author DS was involved in all three centers during surgery.
Surgical techniques
Patient who presented within six hours of injury without gross swelling of leg were operated on the same day or next available day. Limbs with gross swelling were splinted and elevated till swelling subsided and wrinkles appeared over the ankle joint. Fracture blisters if present managed with puncturing with sterile needle and non-adhesive dressing and observed closely for any sign of secondary infection.
Under regional or general anesthesia, involved leg was prepared and draped. Tourniquet was routinely applied but inflated only when necessary. A vertical or curvilinear incision was made at the level of medial malleolus with the utmost care not to injure great sephaneous vein and sephaneous nerve. Sub cutaneous plane was made with hemostat without striping periosteum and disturbance to fracture haematoma. Fracture was reduced under C arm control. We did not use calcaneal skeletal traction or other external fixation devices. Instead, where reduction was difficult despite of repeated attempt, we made a small incision and used a Kirschner wire (3mm) as a joystick to aid in fracture reduction and towel clip or reduction clamp to hold reduction. Varus -valgus angulation < 5° and anteriorposterior angulation < 10° and shortening of < 15 mm were considered acceptable criteria for reduction. Pre contoured low metaphyseal LCP was tunneled into subcutaneous plane and its position was reconfirmed with C arm. Before fixing the plates with screws, shagging of distal fragment was prevented by putting towel roll under the fracture site. Provisional non locking screw was applied to bring the plate on the bone. If necessary, interfragmentary compression was achieved by a screw through the plate or outside the plate. Compression osteosynthesis was achieved in simple fracture by using non locking screw on proximal to fracture site as a hybrid fixation. 15 With separate stab incision, at least three locking screws were applied on the either side of fracture. Malleolar fracture if present were reduced and fixed with screws or tension band wiring before tibia fracture reduction and fixation ( Figure. 1) . Fibula was not routinely fixed unless it was involved at the level of syndesmosis. Skin was closed with non absorbable sutures and limb was splinted with below knee brace or posterior back slab.
Post operative protocol
Wound was inspected on second post operative day for any sign of wound infection and change of dressing. Patient was discharged on second or third day of surgery if skin condition was satisfactory and wound was dry.
Follow up
On fourteen postoperative days, stitches were removed and X ray of leg was obtained. Below knee brace or posterior back slab was discontinued. Intermittent ankle mobilization was initiated but weight bearing was not allowed for next four weeks. Patients were subsequently followed up in six weeks interval to asses fracture healing. Partial weight bearing was started once callus was visible in X ray and gradually Original Article increased according to clinical and radiological signs of fracture healing. Fracture was considered united when visible bridging callus was seen in at least three cortices in anterior-posterior and lateral x rays of leg and absence of pain on weight bearing clinically. If fracture union was not progressing satisfactorily, secondary procedures like bone marrow injection or cortico-cancellous bone grafting were considered. Malunion was defined as varus -valgus angulation ≥ 5° and anterior-posterior angulation ≥10° and shortening of ≥ 15 mm. During subsequent follow up once fracture united, if patents wished to remove the hardware or had hardware related complaints like malleolar pain, difficulty of wearing shoes or prominent implants, plate removal was indicated.
Statistical analysis was performed by using SPSS (Chicago, Illinois, USA) version 15 software for Window. Mann Whitney U test was used for comparison. A p value <0.05 was regarded as significant.
RESULTS
There were 12 male (mean age 30.9 yrs, range17-42 yrs) and eight female patients (mean age 38.75 yrs, range 20-65yrs). According to AO classification, 12 (60%) of fracture were 43A1, 4 (20%) 43A2, 2 (10%) 43A3 and 2 (10%) 43B1. Half of the patients sustained injury in road traffic accident. Other modes of injury were fall injury in 8 (40%) patients and physical assault and sports related injury in 1 (5%) each. One patient had contralateral diaphyseal tibia fracture which was managed with closed reduction and IMIL nailing in same setting. Average duration of injury-hospital and injury-surgery interval was 12.8 hrs (range 2-44 hrs) and 4.45 days (range 1-10 days) respectively. In two patients case no 7 and 19, repeated attempt of closed reduction failed and hence small opening was made at fracture site to apply a towel clip and Kirschner wire as joystick to assist reduction. Patients were followed up for average duration of 18 Immediate post operative complication of wound infection was found in three patients; two superficial (case no 7, 16) and one (case no 4) deep wound infection. Case no. 7 was brought to hospital after 44 hours of fall injury from remote part of country with swollen leg and fracture blisters. He was operated after 10 days of injury once blisters and swelling settled down. During subsequent follow up to 18 weeks, fracture union was not progressing satisfactorily and hence, was subjected for percutaneous bone marrow injection at fracture site. Finally fracture got united at 28 weeks. In case no 4, wound was dry and non infected at time of discharge on fifth post operative day but came back with wound breakdown and exposed plate. He had a history of application of homemade herbal paste over the wound and fracture site. Both superficial wound infections healed with extended period of intravenous antibiotics but patient with wound breakdown needed repeated debridemet as well. Subsequent follow up was unremarkable in all these three cases.
Two patients had union with valgus angulation of less than 5°. No malunion was detected. One patient had ankle stiffness requiring extensive physiotherapy to regain range of movement.
Implants were removed in eight patients. Six of them had malleolar skin irritation due to prominent hardware and in rest of two patients; implants were removed on request. No problems were encountered during removal of implants.
DISCUSSION
Distal diametaphyseal tibia fracture with or without intra articular extension is one of the difficult fractures to manage. None of the treatment options available perfectly fulfill requirements of fracture characteristics of distal diametaphyseal tibia. Distal tibia has got circular cross sectional area with thinner cortex as compare to triangular diaphysis with thicker cortex. So, intramedullary nail which is designed for tight interference fit at diaphysis cannot provide same stability at distal fracture. 3, 16 Other potential complications of IMIL nailing are malunion (0-29%) and implant failure (5-39%).
1-3 ORIF with conventional plate which needs striping of periosteum is also not an ideal treatment option because tibia is subcutaneous bone and periosteum provides 2/3 rd of blood supply. Non union, delayed union and infection are reported with the range of 8.3-35% and 8.3-25% respectively with ORIF with plating. [4] [5] [6] [7] 17 Similarly external fixators as a definitive method of treatment for distal diametaphyseal tibia fracture are also reported with higher rate of infection, implant failure and malunion or non union and hence recommended only for temporary method of stabilization in open fracture with severe soft tissue injury. 1, 18 With the development of technique of MIPO with LCP which preserve extraosseous blood supply, respect osteogenic fracture haematoma, biologically friendly and stable fixation method is available for distal diametaphyseal tibia fracture. Indirect reduction method and sub-cutaneous tunneling of the plate and application of locking screws with small skin incisions in MIPO technique prevents iatrogenic injury to vascular supply of the bone. 19 Unlike conventional plates, LCP is a friction independent self stable construct which provides both angular and axial stability and minimizes risk of secondary loss of reduction through a threaded interface between the screw heads and the plate body. 12 MIPO with LCP for distal diametaphyseal tibia fracture has been found to be an effective treatment option. 1, 14, 15, [20] [21] [22] [23] [24] [25] 27 In spite of use of MIPO with LCP as internal external fixators, anatomical reduction of the fracture by using indirect reduction maneuvers before applying the plate is very important surgical step. Malreduction and suboptimal pre contouring of the plate can result delayed union, non union, prominent hardware, malleolar skin irritation and pain. 23, 24, 26 In the present study, pain and malleolar skin irritation in six (30%) patients was common indication of implant removal. Other indications were difficulty of wearing shoes and cosmetic concern because of prominent hardware in skinny and thin patient (Fig. 2) . Low profile metaphyseal LCP has been designed to reduce hardware prominence related complications but plates specifically designed according to measurement of adult distal tibia of western population may not perfectly match to other communities and often need change in pre contouring to avoid mismatch which in turn, can change the direction of screws in monoaxial type of locking compression plates. 23 Polyaxial locking plates can be an alternative when supramalleolar anatomy mismatch with pre contoured plate because it can provide choice of screw trajectories according to fracture pattern. 24 But there is very little clinical and biomechanical study of polyaxial locking plates for distal tibia.
Indirect reduction of fracture under C arm control can be difficult at time. Various reduction maneuvers such as calcaneal pin traction, external fixators or mechanical distractors have been described to achieve reduction. 1, 22 We used Kirschner wires (3 mm) as a joystick or a towel clip after making small opening at fracture site whenever reduction could not be achieved by mechanical traction. Concomitant fibula fracture also play the role in success of reduction especially when fracture is at same level of tibia. Some authors recommend fibula fixations before tibia fixation to achieve better tibial alignment and to prevent valgus malalignment but clear indications for fibula fixation are still lacking and controversial. 1, 23, 24, 28 We did not routinely fix fibula unless it has involved syndesmosis.
MIPO technique can restore alignment in high velocity distal diametaphyseal tibia fracture and patients can expect predictable return of function. However, Collinge et al. reported increased secondary procedure rate like bone grafting for delayed union. 29 Rate of secondary procedures like iliac crest bone grafting or per cutaneous bone marrow injection for delayed union or non union or change of hardware has been reported 3.8% to as high as up to 35%. 23, 29 In the current study, one patient required subcutaneous bone marrow injections as satisfactory callus was not visualized up to 16 weeks follow up. He subsequently had progressive callus formation.
Because of sub cutaneous location, distal diametaphyseal tibia are prone to have gross swelling, skin injury and fracture blisters if the leg is left unsplinted for long time and injury-hospital arrival interval is prolonged. In the current series, 13 patients who had injury-surgery interval of > 3 days had average injury-hospital arrival interval 14.92 hrs as compare to 8.86 hrs in seven patients who were operated within three days of injury. Our protocol for timing of surgery was to fix the fracture as early as possible unless associated with gross swelling or hindered by fracture blisters. But union time in our study was not affected whether patients were operated before or after three days of injury (17.29 ± 2.13 wks vs. 19.15 ± 2.99 wks, p=0.15). The average time for fracture union in the present study is comparable to other studies (Table 2) . Hasenboehler et al. found MIPO with LCP though reliable for distal diametaphyseal tibia fracture can prolong union time in simple fracture pattern (43.A1-43.A3) when it was used only as a bridging plate. 9 Hence, percutaneous interfragmentary screw, independent to plate and LCP in a neutralization mode or application of LCP in a compression mode by utilizing non locking screw on one side of the fracture is recommended to avoid delay in fracture union.
Though skin and soft tissue injury at the time of conventional osteosynthesis has been found to be significantly associated with higher rate of wound infection as compare to IMIL nailing, effect of same on MIPO with LCP has not been studied yet. 10 Lau et al. did not find fracture union time in MIPO to be affected by presence of late infections occurring after one month of complete wound healing. 30 Reported rate of wound infection varies between 2.6% to 14.6% depending upon whether open fracture are included in the study or not. The present study which included only closed fracture found three (15%) early wound infection. Two patients who had superficial wound infection improved with antibiotics but patient with wound breakdown and exposed implant had protracted post operative rehabilitation period requiring repeated wound debridemet and long hospital stay.
Other potential complications like injury to sephaneous nerve and great sephaneous vein has been reported in cadaver studies and can be avoided by careful attention towards selection of skin incision site, dissection of vein, dissection of stab incision up to the plate and atraumatic placement of drill sleeve. 26, 31 No case of sephaneous nerve and great sephaneous vein was found in the current study.
Removal of LCP can be difficult because usual conical extraction devices may not be useful in locking screws when stripping of hexagonal recess or thread occurs. Cutting and bending of plate around the stripped screw has been suggested to remove the plates and screws but we did not encounter problems during removal of implants in all our eight cases.
23,32

CONCLUSION
Distal diametaphyseal tibia fracture with or without intra articular extension is one of the difficult fractures to manage with all currently available treatment options. Fracture pattern, concomitant articular extension, condition of soft tissue are important factors to be considered before selection of fixation method. The present case series though small in number shows that MIPO with LCP is an effective treatment method in terms of union time and complications rate which is comparable to other studies. Implant prominence and its related complications because of mismatching of the implant contouring and supra malleolar anatomy especially in thin built patients or malreduction of fracture still remains a challenge. Prospective randomized controlled trial specially comparing newly available intramedullary nails which has various distal locking options is necessary to establish superiority of the technique.
